A study was carried out on headache after carotid endarterectomy. A specific type of headache, similar in its characteristics to "cluster headache", occurred on the operative side in 30% of 54 patients, whereas no such headache occurred after extra-intracranial bypass or peripheral vascular surgery. This postoperative headache was not spontaneously reported by 56% of patients unless they were specifically asked about it. Pharmacological pupillary testing performed in 37 patients revealed that a decreased oculosympathetic activity (with or without adrenoceptor supersensitivity) was constantly associated with post-endarterectomy headache. Although this same abnormality was also observed in 54% of the patients without headache, a statistically significant (p < 0-01) higher prevalence of decreased oculosympathetic responses was found in the patients with headache. The results suggest that damage to the sympathetic plexus due to the surgical procedure is involved in the development of postoperative "cluster-like" headache.
Headache frequently occurs in association with different diseases of the internal carotid artery such as thromboembolism,' fibromuscular dysplasia,2 carotid dissection,34 and endarterectomy."
Recently the existence of a trigeminovascular system which supplies intracranial and extracranial arteries has been demonstrated.8 It has been suggested that the head pain of migraine and other vascular diseases could be transmitted through this sensory pathway.89 Headache which occurs in thromboembolism, fibromuscular dysplasia and carotid dissection, however, is frequently associated with abnormality of the oculosympathetic system.' "2 An involvement of the sympathetic plexus in the pathogenesis of these headaches has therefore been suggested. 12 13 As a model for studying the headache associated with internal carotid artery disease, we studied post-endarterectomy headache. We investigated the incidence and characteristics of this headache and performed pharmacological pupillary testing with the purpose of investigating the oculosympathetic system. The occurrence of postoperative headache was also studied in patients who had extraintracranial by-pass for occlusive lesions of arteries in another vascular region.
Materials and methods
The occurrence of post-endarterectomy headache was studied in 54 consecutive patients in whom carotid endarterectomy was performed over two years at the Department of Vascular Surgery of the University of Rome. These subjects had a mean (SD) age of 55-8 (8&3)
years. There were 40 males and 14 females. All had had neurological deficits, either TIAs (21 patients) or RINDs (33 patients). Arteriograms revealed stenotic lesions involving the internal carotid artery near the bifurcation (26 right, 28 left) side. Patients with bilateral stenotic lesions, with lesions not directly involving the vessel wall (such as "kinking") of the internal carotid artery, and patients with intracranial aneurysms or arteriovenous malformations, were not included in the study. A comparative group of 25 patients who had had extraintracranial by-pass at the Department of Neurosurgery, Catholic University of "Sacro Cuore", Rome, was also retrospectively investigated (by means of a telephone interview and by consulting the medical records) for the occurrence of headache after the operation. Twenty five patients who received an operative procedure for occlusive vascular disease of the lower limbs were similarly studied. Patients and control subjects who had a history of migraine or other chronic cranio-facial pain were not included. Patients who presented with deterioration of neurological functions and/or disturbance of consciousness after the operation were also excluded. Doppler examination was performed on all patients and control subjects before and after the operation.
Endarterectomy subjects were questioned for the occurrence of unpleasant sensations and specific symptoms by means of a daily postoperative interview particularly, pain in the location of the surgical intervention, dizziness, lightheadedness and headache.
The following features of the headache were recorded: 1) time of onset after surgery, 2) duration and frequency of the attacks, 3) characteristics of pain (continuous-pulsating), 4) pain intensity (mild, moderate, severe), 5) localisation (diffuse, frontal, temporo-parietal, retro-peri-ocular, occipital), 6) lateralisation, 7) associated autonomic symptoms (nausea and vomiting), 8) local autonomic symptoms (conjunctival injection, lacrimation, rhinorrhea, stuffiness), 9) pupil alterations (ipsilateral not give their consent for the repetition of the ocular tests after the operation but these patients were similar to those who were retested. In particular, the incidence of postoperative "cluster-like" headache was 33% in the patients who were not retested and 30% in those who were retested.
Of the 37 patients available for postoperative testing, 25 (67%) presented with anisocoric responses. Eleven showed a mydriatic response to phenylephrine 1% on the operated side, which was more pronounced after phenylephrine 5%. In these 11 patients a reduced mydriatic response on the operated side (miosis) was observed after tyramine 2%. In the other 14 patients a reduced mydriatic response was noticed on the operated side after phenylephrine 5% and tyramine 2% instillation.
All patients (11) with headache in whom ocular testing was performed had an oculosympathetic abnormality (table 2). In four of these patients an anisocoric mydriasis was present on the side of the headache after phenylephrine 1% and 5% instillation. The same subjects had a reduced mydriatic response (miosis) to tyramine 2%. In seven patients, including four subjects with clinical Horner's syndrome, a reduced mydriatic response (miosis) was observed following phenylephrine 5% and tyramine 2% instillation.
Of the 26 patients without headache, in whom ocular testing was possible, only 14 had an oculosympathetic abnormality (table 2). In seven of these an increased mydriatic response after phenylephrine 1% and 5% instillation and a reduced mydriatic response after tyramine were found on the operated side. In the other seven patients a reduced mydriatic -response was observed on the operated side after phenylephrine 5% and tyramine 2% instillation.
When looking for a possible correlation between the occurrence of postoperative "cluster-like" headache and the presence of pupillary alterations, a statistically significant higher incidence of decreased oculosympathetic responses was observed in the patients with headache than in those without headache (p < 001), (table 2).
Discussion
The occurrence of vascular headache following carotid endarterectomy has previously been described." Some authors5 have observed that the prevalence of a "cluster-like" headache'617 on the operated side was lower than the one we found, while on the other hand there was a higher prevalence of bilateral non-specific headache. The use of different selection criteria and the identification of postoperative unpleasant sensations, which may lead to a misdiagnosis of non-specific headache, may be responsible for these differences. From our data it also appears that post-endarterectomy headache is not a rare condition, but it may not be recognised unless the patients are specifically asked about it.
Where the pathogenesis of post-endarterectomy headache is concerned, mechanical stretching of the artery and vasodilatation could be responsible for the pain.819 It may be that the headache which develops in diseases of the internal carotid artery such as thromboembolism, fibromuscular dysplasia, carotid dissection and endarterectomy may be transmitted through the trigemino-vascular system.8 9 20-22 However, the frequent association of the headache with abnormality of the oculosympathetic system suggests that the sympathetic plexus is involved.'""2 In addition, the finding that a unilateral vascular headache with ipsilateral pupillary abnormality and hyperhidrosis may occur after injuries to the neck that involve the carotid artery, seems to support this hypothesis.'3 Pupillary testing showed a post-endarterectomy decrease of sympathetic activity with or without adrenoceptor supersensitivity. In particular pupillary supersensitivity to phenylephrine observed in some patients indicated sympathetic denervation. This was supported by the responses to tyramine in these same patients which confirmed a pre-synaptic abnormality. In other patients a decrease of sympathetic activity without adrenoceptor supersensitivity was found.
Our data show that a decreased oculosympathetic activity was constantly associated with postoperative "cluster-like" headache.
The pupillary alterations, which were very similar to those noticed in migraine and cluster headache4 15 were also present in some patients without headache. Moreover, postoperative headache did not develop in all patients after endarterectomy. The degree and extension of the surgical lesion may have been responsible for the different autonomic and painful responses. The patients with the greatest degree of surgical damage may develop "cluster-like" headache, while those with lesser damage develop autonomic abnormalities but not headache.
As previously reported,23 post-operative headache did not occur in patients with extracranial-intracranial by-pass who had received surgical damage localised to another vascular region. In agreement with the observations of Fay,24 the stimulation of the internal carotid artery near the bifurcation, seems to be perceived as an ipsilateral craniofacial pain of "cluster headache type".
The mechanism of post-endarterectomy headache remains uncertain. We believe that mechanisms which involve the sympathetic system provide a more interesting explanation than those which involve the trigemino-vascular system.
